Abstract. We present time series of export productivity proxy data including 23øThex-normalized deposition rates (rain rates) of •øBe, dissolution-corrected biogenic Ba, and biogenic opal as well as authigenic U concentrations which are 
In this study we compare the overall glacial and interglacial export productivity in the Southern Ocean, applying a multiproxy approach including deposition rates of løBe, total (detrital) Fe, between total particle flux and løBe rain rate allows its use as a paleoflux proxy that is independent from diagenesis and preservation effects [Kumar et al., 1995] . In areas where most of the sediment particles are of biogenic origin, the løBe rain rate was suggested as a proxy for export productivity [ aStratigraphy of the cores as derived from the sources referenced to in the text. •W is significantly smaller than 1 ( < 0.5); sediment winnowing occurred. ]. An overall drop of the opal rain rates by a factor of 5 is observed in the two northernmost cores, whereas the overall Babio rain rate shows a less pronounced drop by a factor of 2-3 only in core PS2082-1 (43øS). This difference might at least partly be ascribed to a low opal preservation efficiency in core PS1754-1, which shows low bulk rain rates and even winnowing during MIS 3-5. In this same core a maximum Babio rain rate of 9.5 mg cm '2 kyr -• is observed for the MIS 3 section, which is higher than any other values in the cores of this study. This value, however, has to be considered with some caution owing to its proximity to water (Table 4) , the question arises why this is not the case south of the APF and why løBe rain rates do not reflect the interglacial maxima in export productivity indicated by the proxies above.
Export Productivity Information From Rain Rates of Biogenic Opal and Babio and 231pad23øThex
There is a possibility that the biogenic opal and Bauo rain rates and 231paex/23øThex do not give a correct reconstruction of opalbased export paleoproductivity south of the APF but might be biased. Bauo and biogenic opal rain rates are influenced by effects of preservation and diagenesis after their deposition with, however, one fundamental difference. High bulk accumulation rates (and thus also sediment focusing) are generally believed to promote biogenic opal and Babio preservation in sediments owing to shorter periods of contact with undersaturated bottom waters. Those conditions of high sedimentation rates lead to a high preservation efficiency of biogenic opal but at the same time to the devolopment of reducing or suboxic conditions in the subsurface sediment which cause Ba remobilization, a process traced by the simultaneous deposition of authigenic U.
The 23•Paex/23øThex signal may represent the position of the opal belt rather than increased interglacial opaline particle fluxes due to the relationship of this ratio to opal content and its reduced (Figure 2) . The drastic minimum of Fe rain rates in this core during MIS 5e did not coincide with a significant minimum in •øBe rain rates which we ascribe to enhanced scavenging of løBe by biogenic opal. A similar pattern is observed at the transition from the last glacial to the Holocene in core RC13-259, also from a location south of the present APF [Kurnar, 1994] . In this core an interglacial minimum in detrital particle flux coinciding with strong maximum rain rates of biogenic opal, Bauo, and 23•pa•,,, which started at 15 ka in very good agreement with core PS1768-8, was not accompanied by a minimum in •øBe rain rate but by a small increase after correction for •øBe production rate variations. These observations taken together suggest that the total •øBe rain rate is not a suitable quantitative tracer for biogenic particle flux in the Southern Ocean owing to its sensitivity to both detrital particle flux and biogenic opal flux.
Authigenic Uranium: Proxy for Export Productivity?
The pattern of glacially increased authigenic U concentrations corresponds well to the patterns of other particle flux proxies ]. The concentrations of authigenic U are, however, as mentioned in section 2, a function of three parameters: Corg supply, bulk sedimentation rate (and thus also focusing) and deep water oxygen content. All last glacial authigenic U enrichments presented in the study of Kumar et al. [1995] and in this study coincide with sediment focusing, which obviously contributed strongly to the U accumulation. The preferential selection of coting locations from sites with high sedimentation rates is the reason why we observe focused sediments in almost all cores [Frank et al., 1996] . In addition, it is important to note that the widespread occurrence of focused MIS 2 sediments in the study area is probably due to a change in bottom water circulation patterns [Frank et al., 1999] . Given that the integrated focusing over an ocean basin has to be 1, the authigenic U from the currently available set of cores cannot be used for any balances of authigenic U deposition and, consequently, biogenic particle flux in the study area during MIS 2. In contrast to these focusingdominated sediments, Francois et al. [1997] showed records of two cores from the Indian sector of the Southern Ocean where glacial authigenic U enrichments are present, although none of the inferred productivity proxies indicated an increased Corg flux and although glacial sediment focusing was either negligible or at least lower than during the following interglacial, which is only explainable by lowered 02 levels of the bottom water.
The data of this study corroborate the complex relationships leading to the precipitation and preservation of authigenic U.
Whereas glacial ingreases in authigenic U are found in most cores at or north of the present-day APF, there is no evidence in core PS1754-1, which is clearly located in the area of the glacial opal belt. The sediments recovered at this site have a relatively high porosity, and sedimentation rates during MIS 2-5 were very low due to winnowing (Table 3) We conclude that despite the fact that Corg flux has been an important factor for the enrichment of authigenic U in Southern Ocean sediments, particularly during glacials in the present PFZ, the apparent sensitivity of authigenic U accumulation to bulk sedimentation rate and sediment focusing, on the one hand, and lowered bottom water oxygenation, on the other, suggests that authigenic U is not a suitable proxy for export paleoproductivity in the eastern Atlantic sector of the Southern Ocean.
Reconstruction of Export Productivity
We combined the average glacial and interglacial rain rates of all parameters of this study with the results obtained by Kumar 
Conclusions
Despite the uncertainties that still exist with all potential proxies for export paleoproductivity of this multiproxy approach, the good correspondance of biogenic opal rain rates and those Babio rain rates derived from core sections without authigenic U in comparing the interglacial maxima south of the APF and the glacial maxima north of the APF provides evidence that overall glacial export productivity of the Southern Ocean was similar to its values during interglacials. Whereas Fe fertilization may have contributed to glacial maxima in export productivity north of the present position of the APF as mirrored by maxima in most proxies presented, a response of opal export productivity to increased glacial Fe input south of the APF was apparently grossly restricted by water column stratification, sea ice cover, and a shallow remineralization depth. Despite a possible Fe fertilization the glacial opal productivity north of the APF was apparently not higher than during the interglacials south of the APF. It is also inferred that export productivity in the Atlantic sector of the Southern Ocean has, by far, not reached levels of coastal upwelling areas during the past 150 kyr. As a consequence, we suggest that increased export productivity in the Southern Ocean has not contributed to lowered glacial atmospheric CO2 levels.
There is more work needed to better constrain and quantify the uncertainties associated with every proxy used in this study, such as oxygen levels of the deep water, spacial differences between the proxies in the eastern and western Atlantic sectors of the Southern Ocean, and variability of the relationships between Co• and biogenic opal and Bauo. Multiproxy approaches certainly provide more reliable reconstructions of export paleoproductivity than using single proxies alone, but even this does not necessarily imply that we are close to a quantitative estimate of export paleoproductivity as long as the uncertainties with each of the proxies are too high. 
